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Aims Recent decades have seen very large declines in coronary heart disease (CHD) mortality across most of Europe, partly due to 

declines in riskfactors such as smoking. Cardiovascular diseases (predominantly CHD and stroke), remain, however, the main 
cause of death in most European countries, and many risk factors for CHD, particularly obesity, have been increasing substan- 
tially over the same period. It is hypothesized that observed reductions in CHD mortality have occurred largely within older 
age groups, and that rates in younger groups may be plateauing or increasing as the gains from reduced smoking rates are 
increasingly cancelled out by increasing rates of obesity and diabetes. The aim of this study was to examine sex-specific 
trends in CHD mortality between 1 980 and 2009 in the European Union (EU) and compare trends between adult age groups. 

Methods Sex-specific data from the WHO global mortality database were analysed using the joinpoint software to examine trends 

and significant changes in trends in age-standardized mortality rates. Specific age groups analysed were: under45, 45-54, 
55-64, and 65 years and over. The number and location ofsignificantjoinpointsforeach country by sex and age group was 
determined (maximum of 3) using a log-linear model, and the annual percentage change within each segment calculated. 
Average annual percentage change overall (1980-2009) and separately for each decade were calculated with respect to 
the underlying joinpoint model. 

Results Recent CHD rates are now less than halfwhat they were in the early 1980s in many countries, in younger adult age groups 

as well as in the population overall. Trends in mortality rates vary markedly between EU countries, but less so between age 
groups and sexes within countries. Fifteen countries showed evidence of a recent plateauing of trends in at least one 
age group for men, as did 1 2 countries for women. This did not, however, appear to be any more common in younger 
age groups compared with older adults. There was little evidence to support the hypothesis that mortality rates have 
recently begun to plateau in younger age groups in the EU as a whole, although such plateaus and even a small 
number of increases in CHD mortality in younger subpopulations were observed in a minority of countries. 

Conclusion There is limited evidence to support the hypothesis that CHD mortality rates in younger age groups in the member states 

of the EU have been more likely to plateau than in older age groups. There are, however, substantial and persistent in- 
equalities between countries. It remains vitally important for the whole EU to monitor and work towards reducing pre- 
ventable risk factors for CHD and other chronic conditions to promote wellbeing and equity across the region. 
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Introduction 

Recent decades have seen very large declines in cardiovascular 
disease (CVD), and coronary heart disease (CHD) mortality 



specifically, across the European Union (EU), with rates of CVD mor- 
tality falling by >30% in both sexes and CHD mortality falling by a 
third in men and over a quarter in women between 1985-89 and 
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2000-04.^ These trends have been attributed to improved treat- 
ment and care, v/hich has helped to reduce case-fatality ratios, as 
well as improved primary prevention and risk factor management 
which has reduced incidence rates of disease.'^ 

Cardiovascular disease remains, however, the main cause of death 
in most European countries, with CHD and stroke accountingforthe 
majority of these deaths.^ Furthermore, many risk factors for CHD, 
particularly obesity^ and diabetes,^ have been increasing substantially 
over the same period,^ while rates of hypertension have plateaued 
after substantial declines. Trends in the prevalence of these risk 
factors vary widely between countries and age groups, and it is not 
yet clear what impact these changes will have on mortality rates in 
the context of improved treatment and care for CHD. Smoking 
rates are still quite high on a world scale in some ED countries, 
despite a general trend to reductions in smoking prevalence, and it 
is probable that this contributes to inequalities in the region.^ 

It is hypothesized that recent upwards trends in obesity and dia- 
betes may be beginning to cancel out the beneficial effect of 
reduced smoking rates and improved care and treatment on CHD 
mortality, and that this effect may be demonstrated by examining 
CHD mortality trends in younger age groups. Although mortality 
rates in younger age groups make a relatively small contribution to 
total CHD mortality, developments in younger age groups are im- 
portant indicators for public health, which may represent a cohort 
effect that — if maintained — would result in significant future 
impacts on the burden of CHD.^ Evidence of CHD mortality rates 
beginning to plateau in younger age groups has been demonstrated 
to varying extents and at differing time points in England and 
Wales,^'** Scotland,' USA,''° and Australia." 

The aim of this study is to investigate whether plateauing of mor- 
tality rates in younger age groups is demonstrated in an examination 
of age- and sex-specific trends in CHD mortality rates between 1980 
and 2009 in the member states of the EU. 

Methods 

Data on cause-specific numbers of deaths and population numbers, by 
sex and in 5-year age groups (up to 85 and over) for each country of 
the EU, were extracted from the WHO global mortality database. 
Age- and sex-specific mortality rates were calculated and aggregated 
rates were standardized to the European Standard Population^^ using 
the direct method. Coronary heart disease as a cause of death was 
defined according to the following International Classification of 
Disease codes: lCD-10 (International Classification of Diseases, tenth re- 
vision) codes 120-125; lCD-9 and lCD-8 codes 4100-4149. 

Data were extracted and analysed for the years 1980 (or the establish- 
ment ofthe present-day country if later) to 2009 where available. In some 
countries, death registration or population data were missing for some 
years. Cyprus was excluded from analyses due to a high level of unreliable 
and missing data. Data for Germany for years prior to 1990 were 
obtained by combining death registration and population data for the 
former Democratic Republic of Germany and the former Federal Repub- 
lic of Germany and calculating overall rates. England, Wales, Scotland, and 
Northern Ireland were analysed together as the UK. The age groups ana- 
lysed were (i) <45 years, (ii) 45-54 years, (iii) 55-64 years, and (iv) 65 
years and over. All age groups up to 45 years were combined due to 
the low numbers of deaths before this age, and because subgroups that 
contain any year with 0 deaths must be excluded from joinpoint analyses. 



Age-standardized mortality rates by country, sex, and age group were 
calculated. In the descriptive tables, 5-year average mortality rates are 
presented, to show more representative and stable rates and minimize 
the effect of year-to-year fluctuations in death rates, (particularly 
among younger age groups where rates are relatively low and therefore 
percentage changes over time are more affected by small absolute 
changes in rates). The average rate in the five most recent years of data 
(2005-09) was compared with earlier 5-year periods to describe 
crude proportional changes in death rates over time. Data for mortality 
rates in all individual years were, however, used in the joinpoint analysis. 

joinpoint regression was performed to identify periods with statistic- 
ally distinct log-linear trends in death rates from CHD overtime within 
each age group, by sex and country. This analysis identifies inflexion 
points Cjoinpoints') at which there is a significant change in the trends, 
using a series of permutation tests, with Bonferroni adjustment for mul- 
tiple comparisons. The two-sided significance level was set at p < 0.05 
for all tests. The number and location of significant joinpoints for each 
country by sex and age group (maximum of 3) was determined using a 
log-linear model, and the annual percentage change within each 
segment calculated. Use of a log-linear model enables the analysis of con- 
stant percentage (rather than absolute) change in prevalence overtime. 
The log-linear model is also more robust in rare conditions, as CM D gen- 
erally is in younger subpopulations.^^ Evidence to suggest a recent plateau 
in a population group was defined as the situation where the final join- 
point segment (in the best fitted model) was less steeply negative com- 
pared with the preceding segment (or indeed, was flat or positive), that 
is, that the final segment showed less of a decrease than the segment 
before it. Average annual percentage changes (AAPCs) were also calcu- 
lated overall (1980-2009) and separately for each decade with respect to 
the underlying joinpoint model. 

All analyses were conducted using Stata version 1 1 .2 (StataCorp, TX, 
USA) and Joinpoint Regression Program version 3.5.4 (Statistical Re- 
search and Applications Branch, National Cancer Institute, USA). 

Results 

7oWe 1 provides an overview of the available years of data and the 
population size, total numbers of deaths, and CHD deaths by 
country and sex for 2009 (or the most recent year available). Com- 
plete data for all 30 study years were available in just over half (14) 
of the 26 countries included. A further three countries had 29 
years of data available, two had 28 years, and three had 27 years. 
The lowest data availability was for Slovakia, where data were only 
available from 1992 onwards (18 years), followed by Belgium (23 
years). There were more CHD deaths among men than women in 
19 of 26 countries in 2009, and a higher percentage of deaths 
among men were caused by CHD in 18 countries. 

Average annual percentage changes: 
overall trends in mortality 

Figures 1 and 2 summarize the AAPCs for CHD mortality by country, 
age group, and sex overall and for each decade. Almost all countries in 
the EU have demonstrated very large and significant decreases in 
death rates from CHD in the last three decades among both men 
and women when all ages were considered together {Table 2). In 
many countries, age-standardized mortality rates in 2005-09 were 
less than half what they were in 1980-84. 

The median AAPC for all age groups combined between 1980 and 
2009 was —2.7% for men and — 2.4% forwomen. The largest decreases 
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Table I Overview of data availability, and numbers of deaths and population in 2009 by country and sex 



Males 2009" Females 2009' 





Data years 


Total 
population 


Total 
deaths 


CHD deaths 
(% of total) 


Total 
population 


Total 
deaths 


CHD deaths 
(% of total) 


Austria 


1980-2009 


4 072 866 


36 630 


6899 (19) 


4 290 174 


40 751 


7954 (20) 


Belgium 


1980-99, 2004-06 


5 162 615 


49 575 


5784 (12) 


5 385 347 


50 527 


4548 (9) 


Bulgaria 


1980-2009 


3 670 296 


56 849 


7349 (13) 


3 914 835 


51 219 


5980 (12) 


Czech Republic 


1985-2009 


5 150 509 


54 080 


12 101 (22) 


5 340 983 


53 341 


1 3 664 (26) 


Denmark 


1980-2006 


2 690 179 


27 013 


3257 (12) 


2 744 388 


28 205 


2979 (11) 


Estonia 


1981-82, 1985-2009 


617311 


8010 


1881 (23) 


722 960 


8089 


2451 (30) 


Finland 


1980-2009 


2 618 360 


25 152 


6024 (24) 


2 720 511 


24 752 


5510(22) 


France 


1980-2008 


30 082 922 


271 671 


21 525 (8) 


32 047 596 


260 803 


16 219 (6) 


Germany 


1980-2009 


40133 272 


404 969 


67 938 (17) 


41 741 500 


449 575 


67 475 (15) 


Greece 


1980-2009 


5 587 096 


57 015 


7461 (13) 


5 695 655 


51 301 


4461 (9) 


Hungary 


1980-2009 


4 759 975 


66 324 


15 588 (24) 


5 262 675 


64 090 


17 598 (27) 


Ireland 


1980-2009 


2 217 664 


15 044 


2919 (19) 


2 241 641 


13 854 


2209 (1 6) 


Italy 


1980-2003,2006-09 


29219912 


286 619 


37 544 (13) 


30 972 784 


301 819 


36 483 (12) 


Latvia 


1980-2009 


1 040 285 


14 564 


4027 (28) 


1 214 549 


15 368 


4566 (30) 


Lithuania 


1981-82, 1985-2009 


1 553 499 


21 828 


6416 (29) 


1 785 956 


20 204 


8001 (40) 


Luxembourg 


1980-2009 


247 126 


1798 


189 (11) 


250 667 


1823 


116 (6) 


Malta 


1980-2009 


206 094 


1673 


366 (22) 


207 897 


1549 


309 (20) 


Netherlands 


1980-2009 


8 179 936 


65 365 


6184 (9) 


8 350 452 


68 870 


4481 (7) 


Poland 


1980-96, 1999-2009 


18 423 344 


203 826 


25 407(12) 


19 730 046 


181 114 


22 368(12) 


Portugal 


1980-2003,2007-09 


5 145 385 


53 691 


3950 (7) 


5 487 097 


51 273 


3608 (7) 


Romania 


1980-2009 


10457219 


137 550 


26 687(19) 


11 012 740 


119663 


25 588 (21) 


Slovakia 


1992-2009 


2 633 428 


27446 


7717(28) 


2 784 946 


25 467 


9295 (36) 


Slovenia 


1985-2009 


1 Oil 767 


9293 


1059 (11) 


1 030 568 


9457 


929 (10) 


Spain 


1980-2009 


22 670 866 


199 095 


20 320(10) 


23 258 612 


185 838 


15 294 (8) 



Sweden 1980-2009 4626362 43 753 8414(19) 4672153 46424 7138(15) 

UK 1980-99,2001-09 30374010 270804 47306(17) 31 417946 288813 35425 (12) 



'^Data are for 2009, or most recent available year. 



in mortality rates were in Denmark, Malta, the Netherlands, Sv^'eden, 
and the UK (AAPCs < -4.0% among men and <-3.9% among 
women from 1 980 and 2009) {Table 2). The exceptions to these signifi- 
cant decreases in mortality rates among men were in Hungary, Latvia, 
Lithuania, and Poland (negative but non-significant AAPCs 1980- 
2009) and Romania (significantly positive AAPC of 1.0%). Among 
women, non-significant changes were found in Greece, Hungary, Lithu- 
ania, Poland, Romania, and Slovakia. No country showed significantly 
positive AAPCs for women of all ages combined between 1980 and 
2009. In the most recent decade, the general pattern was for larger 
annual decreases in mortality than overall or in previous decades in 
nearly all countries. Among both men and women, the median 
AAPC between 2000 and 2009 was -4.1%. 

Mortality rates from CHD before age 45 ranged between 2.1 and 
14.6 per 100 000 among men, while the rate was <2 per 100 000 
among women in 23 of 26 countries. Although absolute mortality 
rates among young adults are low compared with older age groups, 
in percentage terms, CHD mortality rates (up to 45 years) deceased 
between 1980 and 2009 at an equal or greater rate than for all ages 
combined in 22 of 26 countries for men and around half of countries 
for women [Table 3). A very notable exception to this was Greece, 



where for both men and women, it was the only country to record 
a net increase in age-standardized CHD mortality rates for those 
aged <45 years. In most countries, the annual decrease in mortality 
among those aged under 45 years in the 2000 s was as great or greater 
than the overall and earlier decreases. The AAPCs for the full range of 
years in the 65 and over age group were generally somewhat smaller 
than in the younger age groups, with a median AAPC of —2.3% 
among men and —2.2% among women between 1980 and 2009. 
Full details of the trends in other age groups are included in Supple- 
mentary material online, Tables S1-S4. 

Joinpoint analysis: identifying inflexion 
points and evidence for plateaus in 
mortality trends 

Joinpoint analyses revealed wide variation in trends of CHD mortality 
over the last three decades and little in the way of clear patterns 
within or between age groups and sexes. In each of the age and sex 
groups examined, there was a mixture of countries demonstrating 
continuous linear trends (no joinpoints identified) and models 
which contained one to three joinpoints overthe 30 years of analysis. 
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Figure I Boxplot of distribution of average annual percentage changes in coronary heart disease among men overall and for each decade across 
age groups. 




Figure 2 Boxplot of distribution of average annual percentage changes in coronary heart disease among v^omen overall and for each decade 
across age groups. 



In all age groups and both sexes, there v^ere a number of countries 
that had segments of significantly positive trend in mortality, although 
these were clearly the exceptions. 



Table 4 summarizes the available evidence of a recent plateauing of 
trends in CHD mortality. Overall, across the 26 countries in this 
study, evidence of a recent plateau in CHD mortality trends 



Table 2 Age-standardized mortality rates, total percentage change, average annual percentage changes, and Joinpoint analysis by country and sex, all ages combined 



I 





Age-standardized mortality per 1 00 000: 5-year average 
rates 


Average annual percentage change (AAPC) 
for mortality rates 


Joinpolnts — annual percentage change (APC) and end 
year for each segment In the best fitting model 


1980-84 1990-94 2000-04 2005-09 25-year crude 1980-2009 

total % change"" 


1980-89 


1990-99 


2000-09 


Segment 1 


Segment 2 


Segment 3 


Segment 4 


Males 




































Austria 




Z 1 C5 


1 71 
1 / 1 


1 TQ 

1 J 7 


— 4'3 
tJ 


— 0 n* 
z.u 


-0.3 


-1.6* 


-4.1* 


J. \ 


1 QQO 
1 7oZ 


— 1 0* 
1 .z 


1 QQB 

1 7 70 


— 4 1* 

T. 1 


onnQ 

ZUU" 






Belgium 


1 0/ 


1 OA 
1 Zo 


1 n4 


QT 

7 J 


D\J 


— 0 

Z.7 


-4.2* 


-0.3 


-3.8* 


Z.o 


1 QQR 

1 70J 


— A 0* 

D.Z 


1 QQH 

1 7 7U 


n 1 

U. 1 


1QQR 

1 7 "O 


— "3 R* 
J.o 


onnA 

ZUUo 


Bulgaria 


■744 


OQI 

Z7 1 


04') 
ZtZ 


1 Pft 
1 oo 


— 0"? 
Z J 


— 1 1 * 
1 . 1 


3.0* 


-0.6 


-5.4* 


3. 1 


1 QftR 

1 70J 


n 

U.J 


1 QQ7 

1 7 7 / 


— '\ 7* 

D.I 


onnR 

ZUUJ 


— 7 R* 
/ .J 


onoQ 

ZUU7 


Czech Republic 


JO 1 


4nn 


041 
Zt- I 


OOQ 
ZZo 


b 


-OS* 
Z.o 


-0.6 


-4.9* 


-1.4* 


U.o 


1 QQO 

1 7 7Z 


— A 1 * 
O. 1 


zuuu 


— 14* 
1 .n 


onnQ 

ZUU" 






Denmark 


TAR 

JO J 


0 A7 
ZD/ 


141 
It- I 


im 

1 UJ 


— 70 
/ Z 


— R 1 * 
D. \ 


-2.5* 


-6.0* 


-8.0* 




1 QQn 

1 7 7U 


-AH* 


onm 

ZUU 1 


— Q 4* 


onnA 

ZUUo 






Estonia 




AHA 


4A0 
toZ 


140 
Jto 


— 4A 

TO 


— 0 

Z.7 


-1.6* 


-1.6* 


-5.6* 


1 .D 


onno 
zuuz 


— A 7* 

D./ 


ZUU" 










Finland 


T-Z 1 


TT4 


0^0 
Z JZ 


1Q0 

1 7 A 


— R4 


— 71* 
J. 1 


-1.8* 


-3.6* 


-3.6* 


1.0 


1 QQQ 

1 707 


— "3 A* 

J.D 


ZUU" 










France 


1 1 1 


Q7 
0/ 


70 


R7 


— 4Q 

T7 


— 0 A* 
Z.o 


-1.7* 


-2.0* 


-4.1* 


u.u 


1 QQA 

1 700 


— R 1 * 
J. 1 


1 QQH 

1 7 "U 


— 0 n* 

Z.U 


onno 
zuuz 


— 4 R* 

T.O 


onnR 

ZUUo 


Germany 


Zt" 


ZZo 


1 AR 
1 o D 


1 07 
1 Z/ 


— 4Q 

T7 


— 0 Q-^ 
Z.o 


-1.0* 


-2.3* 


-5.0* 


1 .u 


1 QQR 

1 7 7 J 


— "3 Q* 

J. 7 


onm 

ZUUJ 


— R R* 
J.J 


onnQ 

ZUU" 






Greece 


\ Z J 


1 TA 
1 Jo 


1 04 
1 Zt 


104 
1 Un 


— 1 A 

1 O 


U.o 


1.3* 


-0.7* 


-3.2* 


I.J 


1 QQO 

1 7 7Z 


— 1 0* 
1 .A 


onn4 

ZUUt" 


— 4 R* 
T.C5 


onnQ 

ZUU" 






Hungary 


T^4 


^41 


JUd 


JU7 




— n A 

u.o 


0.1 


0.1 


-1.5 


U. 1 


1 QQQ 

1 7 7 7 


— R 4 


onno 
zuuz 


R 0 
J.Z 


onnR 

ZUUJ 


— 4 "3* 

T.J 


onnQ 

ZUU" 


Ireland 


TQ1 


jZU 


oni 

ZU 1 


1 RO 
1 J A 


— A1 
D 1 


J.J 


-1.2* 


-3.3* 


-5.1* 


U. 1 


1 QQR 

1 70J 


— 0 7* 
A.I 


1 QQR 

1 7 70 


— 7 A* 
/ .o 


onnR 

ZUUJ 


A 


onnQ 

ZUU" 


Italy 


1 71 
1 / 1 


1 TA 
1 Jo 


111 
1 1 1 


QR 

OJ 




— 0 
Z.o 


-2.8* 


-1.3* 


-4.2* 


J.U 


1 QQR 

1 700 


— 1 n* 

1 X) 


1 QQR 

1 7 70 


— 4 0* 

T.Z 


onnQ 

ZUU" 






Latvia 


An4 


D7D 


470 

T/ Z 


40A 
tZo 


JU 


— 1 4 

1 


-1.5* 


-1.1 


-1.6* 


1 .3 


1 QQ1 

1 7 7 1 


ft 4 

O.T 


1 QQ4 

1 7 7T^ 


— Q 

7, J 


1QQ7 

1 7 7/ 


— 1 A* 

1 .O 


onnQ 

ZUU7 


Lithuania 


c;i 1 


RQ7 


4RR 


4A0 

TOZ 


— in 

1 U 


U. / 


1.1* 


-3.1* 


-0.3 


I.I 


1 QQR 

1 7 7 J 


— Q 0* 
o.Z 


1 QQQ 

1 7 77 


0 n 
z.u 


onnR 

ZUUJ 


— "3 n 

J.U 


onnQ 

ZUU" 


Luxembourg 


017 
Z 1 / 


1 R7 

1 J / 


1 1 Q 
1 1 o 


QR 

7 3 


— RA 


J.J 


-3.3* 


-3.3* 


-3.3* 


— T X^- 


onriQ 

ZUU" 














Malta 


4nQ 


z/ u 


1 Q7 

1 7 / 


1 74 

1 / T 


— R7 

D 1 


— 4 1 * 


-7.2* 


-2.6* 


-2.6* 


1 J.o 


1 QQT 
1 70 J 


— 0 A* 
Z.o 


onnQ 

ZUU" 










Netherlands 


Ada 


1 pn 

1 OU 


1 in 

1 lU 


74 


— 71 
/ 1 


— 4 7* 


-2.5* 


-4.0* 


-7.5* 


I.J 


1 QQR 

1 70J 


— 4 n* 


1 QQQ 

1 7 77 


— 7 R* 
/ .J 


onnQ 

ZUU" 






Poland 


1 

1 o D 


1 Qfl 

1 7U 


1 QA 

1 OD 


1 RO 
1 J A 




— n R 

U.J 


1.9* 


0.2 


-4.3* 


1.7 


1 QQO 

1 7 7Z 


— A 4 


1 QQR 

1 7 7 J 


4 7* 


onnn 
zuuu 


— 4 "3* 

T.J 


onnQ 

ZUU" 


Portugal 


101 
1 Z 1 


1 1 n 

1 1 u 


07 
0 / 


AR 


— 4A 

TO 


— 0 4* 

Z.T 


-0.9* 


-2.2* 


-4.2* 


— n Q-i^ 

U.7 


1 QQ1 

1 7 7 1 


— 0 T* 
Z.J 


onm 

ZUUJ 


— R 1 
J. 1 


onnQ 

ZUU" 






Romania 


1 QQ 

1 7 7 


A/y 


OftA 
Zoo 


0 R7 

AD/ 


OQ 

Z7 


1 n* 

1 .U 


3.6* 


1.7* 


-2.0* 


J.D 


1 QQA 

1 77D 


— 0 n* 
z.u 


onoQ 

ZUU7 










Slovakia 




366 


371 


337 


b 


-0.6* 




-0.6* 


-0.6* 


-0.6* 


2009 














Slovenia 




184 


136 


102 




-2.6* 


-5.7 


-0.9 


-4.3* 


-11.1* 


1988 


12.2* 


1992 


-4.3* 


2009 






Spain 


114 


106 


90 


74 


-36 


-1.8* 


-0.7* 


-0.7* 


-3.9* 


-0.7* 


1999 


-3.9* 


2009 










Sweden 


378 


251 


164 


130 


-66 


-4.1* 


-4.1* 


-3.8* 


-4.5* 


-2.9* 


1986 


-6.4* 


1989 


-3.3* 


1995 


-4.5* 


2009 


UK 


371 


291 


177 


132 


-64 


-4.0* 


-1.9* 


-4.2* 


-6.2* 


-1.0* 


1985 


-3.0* 


1993 


-4.7* 


2002 


-6.4* 


2009 


Females 




































Austria 


107 


110 


95 


78 


-27 


-1.4* 


0.2 


-0.7* 


-3.7* 


0.2 


1995 


-1.9* 


2003 


-4.6* 


2009 






Belgium 


80 


56 


47 


41 


-48 


-2.8* 


-3.8* 


-1.0 


-3.7* 


-3.8* 


1992 


2.5 


1996 


-3.7* 


2006 






Bulgaria 


155 


177 


142 


97 


-37 


-1.8* 


3.1* 


-1.0* 


-7.2* 


6.2* 


1985 


-0.6 


1998 


-4.2* 


2003 


-8.6* 


2009 


Czech Republic 


206'' 


206 


132 


137 


b 


-2.2* 


-1.5* 


-4.3* 


0.3 


-1.5* 


1994 


-6.5* 


2000 


0.3 


2009 






Denmark 


176 


133 


74 


53 


-70 


-5.0* 


-2.7* 


-5.1* 


-9.1* 


-2.7* 


1993 


-8.7* 


1997 


-1.2 


2000 


-9.1* 


2006 



Continued 



Table 2 Continued 





Age-standardized mortality per 100 000: 5-year average 
rates 


Average annual percentage change 
for mortality rates 


(AAPC) 


Joinpoints — annual percentage change (APC) and end 
year for each segment In the best fitting model 




1 you— oi 


loon Qd 
1 yyu—yH 


9 AAA A^ 


-inn^ AO 


25-year crude 
total % change* 




1 you— 07 




2000-09 


Segment 1 


Segment 2 


Segment 3 Segment 4 


Estonia 


366 


322 


245 


172 


-53 


-3.5* 


-2.1* 


-2.1* 


— A 4* 


-2.1* 


2002 


-7.6" 


< 2009 






Finland 


169 


151 


111 


89 


-47 


-2.5* 


-0.5 


-2.9* 




-0.2 


1988 


-2.9' 


< 2002 


-4.4* 


2009 


Francs 


48 


37 


28 


22 


-54 


-3.1* 


-1.6* 


-3.0* 


— n* 

J.U 


-0.3 


1986 


-4.0' 


< 1994 


-2.2* 


2003 -6.6* 2008 


Germany 


109'' 


110 


88 


67 


-39 


-2.1* 


0.0 


-1.3* 


D.A 


0.0 


1995 


-2.9' 


< 2003 


-6.3* 


2009 


Greece 


48 


63 


56 


45 


-6 


-0.4 


2.9* 


-0.2 




2.9* 


1993 


-1.7' 


< 2004 


-5.9* 


2009 


Hungary 


168 


176 


177 


178 


6 


-0.1 


0.7* 


0.7* 


1 .J 


0.7* 


1999 


-3.0 


2002 


4.7 


2005 -4.8* 2009 


Ireland 


180 


149 


98 


74 


-59 


-3.3* 


-1.7* 


-2.4* 


_ t; c;* 
J.J 


-1.7* 


1998 


-8.0' 


< 2005 


-2.3 


2009 


itaiy 


84 


67 


59 


43 


-49 


-2.8* 


-3.6* 


0.0 




-4.8* 


1987 


0.6 


1998 


-4.7* 


2009 


Latvia 


344 


295 


246 


207 


-40 


-2.0* 


-2.0* 


-2.0* 


z.u 


-2.0* 


2009 










Lithuania 


343 


375 


257 


251 


-27 


-1.6 


0.4 


-4.2* 


— 1 n 
1 .u 


0.4 


1996 


-12.9' 


< 1999 


1.0 


2006 -5.0 2009 


Luxembourg 


88 


65 


52 


44 


-50 


-3.0* 


-3.0* 


-3.0* 


j.U 


-3.0* 


2009 










Malta 


252 


166 


118 


95 


-62 


-4.8* 


-8.0 


-3.4* 


— "3 4* 

J.T" 


- 22.0* 


1984 


10.9 


1987 


-3.4* 


2009 


Netherlands 


105 


78 


50 


33 


-69 


-4.7* 


-3.0* 


-3.7* 


/ .J 


-3.0* 


1996 


-5.3* 2002 


-8.1* 


2009 


roiana 


56 


66 


87 


72 


28 


0.6 


1.0* 


4.2* 




1.0* 


1995 


8.4' 


' 2000 


-4.2* 


2009 


Portugal 


60 


56 


46 


37 


-39 


-1.9* 


-1.3* 


-1.3* 


— "3 "5 
J.J 


-1.3* 


2003 


-4.3 


2009 






Romania 


140 


182 


183 


160 


15 


0.6 


3.3* 


1.8* 


-2.5* 


4.7* 


1987 


-1.5 


1990 


4.1* 


1996 -2.5* 2009 


Slovakia 


206*= 


205 


239 


214 


b 


0.3 




0.3 


0.3 


0.3 


2009 










Slovenia 




103 


65 


45 




-2.9* 


-3.7 


-1.3 


-5.8* 


-20.2 


1987 


16.2' 


< 1992 


-5.8* 


2009 


Spain 


51 


47 


39 


31 


-39 


-2.1* 


-0.7* 


-1.0* 


-4.6* 


-0.7* 


1998 


-3.5' 


< 2005 


-5.9* 


2009 


Sweden 


175 


114 


79 


64 


-64 


-3.9* 


-3.9* 


-3.9* 


-3.9* 


-3.9* 


2009 










UK 


164 


138 


84 


61 


-63 


-3.9* 


-1.1* 


-4.0* 


-6.6* 


0.1 


1985 


-2.5' 


< 1993 


-4.8* 


2003 -7.2* 2009 



Values are unadjusted averages of rates for each 5-year period, orforas many years as data were available within the period. Exceptions, where datawerenotavallable for all years, are: Belgium (to 2006); Denmark (to 2006); France (to 2008); Italy (no 
data 2005); Lithuania (no data 1 980, 1 983, 1 984); Portugal (no data 2004 to 2006); and Slovenia (no data before 1 985). 
^25-year total crude change calculated from difference between 1980—84 average rate and 2005-09 average rate. 

^Data for Germany prior to 1990 calculated from raw data for the Former East and West Germany. 1980-84 data for Czech Republic and Slovakia are combined data from Czechoslovakia, therefore, not directly comparable. 
*Rate of change significantly different from 0 at P < 0.05 
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EU trends in age-specific coronary Ineart disease mortality 
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(where the rate of CH D mortality decrease in the most recent period 
was less pronounced than the previous period in the model) was seen 
in at least one age group of men from 1 5 countries, and women from 
12 different countries. Countries from all geographical parts of 
Europe were represented in this group, as were older and newer 
members of the EU. While there was variability between age 
groups, there was little to suggest a consistent pattern of plateauing 
among younger adults (aged under 45 or aged 45-54 years) when 
compared either to the older age groups, or to ail ages combined. 

In each of the age groups, the countries in which the most recent 
segment of trend showed evidence of a possible plateau were out- 
numbered by the countries in which the most recent trend in CHD 
mortality was a steeper decrease than previously. Owing to the rela- 
tively small numbers of deaths in younger age groups, resulting in less 
stable rates from year-to-year and reduced statistical power, there 
were noticeably more countries for which there were no joinpoints 
identified in the two younger age groups. 

In the majority of subgroups for which there was evidence of a 
recent plateau in trends, the trend in the most recent segment still 
represented a statistically significant annual decrease in CHD mortal- 
ity. There was only one subgroup for which the final segment was sig- 
nificantly positive after a previous decline; women aged under 45 in 
Lithuania (APC +6.1%, 2000-2009). In addition, there were three 
subgroups (all in Greece) for which no joinpoints were identified, 
but the trend over the entire 30 years of analysis was significantly 
positive; both sexes aged under 45 (women APC +2.6%, men 
APC +0.7%), and women 45-54 years (APC +1.3%). 

Evidence of a recent plateau was shown for all age groups com- 
bined in two countries for both sexes (Czech Republic and Ireland) 
and three further countries among men only (Latvia, Malta, and 
Poland). 

On examining the two younger age groups, there was evidence of 
recent plateauing of trends in six countries each for men and women 
in the under 45 year age group, although these were not all the same 
countries (Latvia, Lithuania, and the UK for both sexes; plus Italy, 
Poland and Slovakia among men; and Czech Republic, France, and 
Italy among women). In the 45-54 year age group, Latvia and the 
UK again showed evidence of a possible plateau in mortality among 
both sexes, as did Lithuania for women and Sweden, Austria, 
Czech Republic, and Slovakia for men. Greek women in this age 
group showed a constant, significantly increasing trend over the 
entire period of analysis (APC + 1 .3%, no joinpoints identified). 

Discussion 

Across the EU as a whole, there is little evidence to support the hy- 
pothesis that there has been a consistent pattern of recent plateaus in 
CHD mortality rates, or that any recent plateaus have occurred 
largely or exclusively in younger age groups. Overall, the rate of de- 
crease in CHD mortality appears to be either stable or accelerating 
in the majority of countries and age groups, across both sexes. Spe- 
cifically in younger age groups, the proportional rates of decline in 
premature CHD mortality appear to be broadly similar to the rates 
of decline observed in older populations in the EU as a whole. In 
the majority of countries, the most recent reductions in AAPC in 
CHD mortality were as great as or greater than they have been 
previously. 



There is, of course, substantial heterogeneity across the EU, and 
when individual countries are examined, it is clear that there are 
some countries with cause for concern, where rates of decrease in 
CHD mortality do appear to have slowed, including in the UK, con- 
sistent with previously published work.^"' In addition there are two 
countries (Greece and Lithuania) in which CHD mortality rates have 
begun to significantly increase in recent years or decades in younger 
subpopulations. 

Given the relative scarcity of high quality age-specific data on most 
CHD risk factors, it is difficult to draw conclusions about the reasons 
for the plateauing or increasing trends observed among younger age 
groups in some countries. In those countries that have experienced 
increases in CHD mortality rates (Greece and Lithuania), the evi- 
dence appears to suggest that overall rates of major CHD risk 
factors are relatively high by European standards. In Greece, where 
CHD mortality has increased steadily from a very low base in the 
1 980s, rates of diabetes and hypertension are low by European stan- 
dards. Conversely, in 2009, Greece had the highest smoking rates in 
the EU (42% of adults overall), and smoking rates among those aged 
25-54 year old (54-57%) were more than double the rate among 
those aged 55 years and over (23%).^'* The most recent available 
data show that Greece also had one of the highest adult obesity 
prevalence rates in Europe; however, these data are drawn from a 
subnational sample and are now 10 years old.^^'^* Among children, 
data from 2010 showed that >40% of Greek children aged 10-12 
years were overweight or obese, the highest rate in the EU. ' 
For Lithuania as well, there is a paucity of age-specific data on risk 
factors for CHD mortality. There is, however, evidence of an increase 
in smoking amongyoung people, at least until 2002,^' and of a trend to 
increasing diabetes prevalence among adults.^ There is also evidence 
of high rates of risk factors for NCDs overall.^" Conversely, some 
recent studies have indicated that obesity prevalence may be de- 
creasing among Lithuanian adults, although these estimates are 
based on self-reported data, which may introduce a degree of bias.'^^ 

In many cases, the AAPCs found in this study for the full range of 
years showed greater reductions in CHD mortality among younger 
age groups when compared with the 65 years and older group. 
This apparently smaller reduction in mortality among older adults 
may be a result of delayed rather than averted CHD mortality, 
where reductions in mortality among (for example) those aged 
65-74 are partially offset by lower rates of reduction among the 
very old. 

The existing body of published evidence on thistopic has provided 
very important evidence, in a number of individual countries in 
Europe and beyond,^""'^^ that despite overall very impressive 
reductions in CHD mortality in recent decades, it is possible that 
the increasing prevalence of risk factors, such as diabetes and 
obesity, and plateaus in the prevalence of hypertension, are attenuat- 
ing these reductions for younger populations. While this is clearly 
true in some countries, our study has demonstrated that there is in 
fact substantial variation between EU countries in how these 
trends are playing out. It remains very plausible that observed 
increases in preventable risk factors for CHD will have an impact 
on mortality rates in all age groups including young adults in the 
future. This effect is, however, not yet clearly apparent across the 
EU, and there may still be time for public health policy and action 
to have an impact on these risk factors to prevent such impacts. It 



Table 3 Age-standardized mortality rates, total percentage change, average annual percentage changes and Joinpoint analysis by country and sex, ages <45 years 
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Age-standardized mortality perlOOOOO: 5-year average rates 



Average annual percentage change (AAPC) for Joinpoints — annual percentage change (APC) and end 
mortality rates year for each segment in the best fitting model 





1980-84 


1990-94 


2000-04 


2005-09 


25-year crude 
total % change' 


1980-2009 


1980-89 


1990-99 


2000-09 


Segment 1 


Segment 2 


Segment 3 


Segment 4 


Males 
































Austriii 


8.6 


6.3 


4.2 


2.9 


-66 


-4.4* 


-2.6* 


-3.1* 


-7.3* 


-2.6* 


1998 


-7.3* 


2009 






Belgium 


7.9 


4.6 


2.5 


2.7 


-66 


- 4.5* 


-4.5* 


-4.5* 


-4.5* 


-4.5* 


2006 










Bulgtirici 


12.7 


16.4 


12.5 


9.8 


-23 


-0.9* 


2.6* 


-1.2* 


-4.2* 


2.6* 


1994 


-4.2* 


2009 






Czech Republic 


15. 1*" 


12.4 


5.5 


3.6 


b 


-6.3* 


1.3 


-7.9* 


-7.9* 


1.3 


1990 


-7.9* 


2009 






Denmark 


7.6 


4.5 


2.6 


2.4 


-69 


-5.0* 


-5.0* 


-5.0* 


-5.0* 


-5.0* 


2006 










Estonia 


25.7 


25.3 


12.7 


6.4 


-75 


-5.4* 


0.0 


-5.6* 


-9.8* 


0.0 


1994 


-9.8* 


2009 






Finland 


14.6 


7.9 


4.3 


3.1 


-79 


-6.0* 


-6.0* 


-6.0* 


-6.0* 


-6.0* 


2009 










France 


4.6 


4.0 


2.9 


2.3 


-50 


- 2.9* 


-0.9 


-3.2* 


-4.6* 


-5.2 


1982 


3.0 


1986 


-3.2* 2000 


-4.6* 2008 


Germany 


7.4" 


5.8 


4.0 


3.1 


-58 


-3.8* 


-3.1* 


-3.1* 


-5.5* 


-3.5* 


1988 


0.4 


1992 


-4.1* 2006 


-8.3* 2009 


Greece 


7.8 


8.8 


9.2 


9.6 


24 


0.7* 


0.7* 


0.7* 


0.7* 


0.7* 


2009 










Hungary 


26.5 


24.9 


13.8 


9.7 


-64 


-3.9* 


-0.5 


-4.1* 


-6.9* 


-0.5 


1994 


-6.9* 


2009 






Ireland 


12.9 


7.8 


4.6 


3.5 


-73 


-4.9* 


— 4.9* 


-4.9* 


-4.9* 


-4.9* 


2009 










Italy 


7.0 


4.8 


3.0 


2.3 


-67 


-4.1* 


-3.7* 


-5.3* 


-3.3* 


-3.7* 


1996 


-8.4 


1999 


-3.3* 2009 




Latvia 


34.5 


37.9 


16.2 


14.6 


-58 


-3.4 


-2.5 


-6.4 


-2.6* 


-2.5 


1989 


9.3 


1994 


-26 1997 


-2.6* 2009 


Lithuania 


23.2 


31.7 


13.7 


14.2 


-39 


-1.7 


3.4* 


-7.1 


-1.1 


3.4* 


1994 


-22.7 


1997 


-1.1 2009 




Luxembourg 


9.6 


6.2 


3.4 


3.6 


-63 


-5.0* 


-5.0* 


-5.0* 


-5.0* 


-5.0* 


2009 










Malta 


7.6 


5.3 


4.5 


3.1 


-59 


-2.4 


-2.4 


-2.4 


-2.4 


-2.4 


2009 










Netherlands 


8.2 


5.2 


3.3 


2.4 


-70 


-4.7* 


-4.7* 


-4.7* 


-4.7* 


-4.7* 


2009 










Poland 


18.0 


18.5 


7.5 


5.2 


-71 


-5.0* 


0.7 


-8.6* 


-7.5* 


-6.9 


1982 


2.9* 


1991 


-13.8* 1994 


-7.5* 2009 


Portugal 


6.2 


6.3 


5.4 


2.2 


-64 


-4.0* 


-0.6 


-0.6 


- 1 1 .2* 


-0.6 


2003 


-16.1 


2009 






Romania 


12.8 


19.4 


15.2 


11.3 


-12 


-0.8 


1.8* 


1.8* 


-6.1* 


1.8* 


1989 


8.6* 


1995 


-6.1* 2009 




Slovakia 


15.1" 


13.8 


7.4 


6.3 


b 


-4.4* 




-6.6* 


-2.3 


-6.6* 


2005 


3.4 


2009 






Slovenia 




/.Z 




5. A 








A 1* 




-4.2* 


2009 










Spain 


6.8 


5.3 


4.0 


3.1 


-55 


-3.2* 


-2.1* 


-2.1* 


-5.2* 


-2.1* 


1999 


-5.2* 


2009 






Sweden 


5.9 


3.8 


2.6 


2.1 


-64 


-4.1* 


-4.1* 


-4.1* 


-4.1* 


-4.1* 


2009 










UK 


12.4 


7.8 


5.2 


4.5 


-64 


-4.0* 


-4.7* 


-4.3* 


-2.9* 


-4.7* 


1997 


-2.9* 


2009 






Females 
































Austria 


1.7 


1.5 


1.0 


0.5 


-69 


-4.6* 


-1.1 


-1.1 


-10.9* 


-1.1 


1999 


-10.9* 


2009 






Belgium 


1.9 


1.0 


0.6 


0.7 


-64 


-4.0* 


-4.0* 


-4.0* 


-4.0* 


-4.0* 


2006 










Bulgaria 


1.9 


3.0 


3.1 


1.7 


-9 


-1.5 


2.8* 


2.8* 


-10.4* 


2.8* 


2003 


-16.3* 


2009 






Czech Republic 


1.8" 


1.9 


1.0 


0.8 


b 


-4.3* 


-2.0* 


-7.2* 


-2.6* 


-2.0* 


1996 


-16.7 


1999 


-2.6* 2009 




Denmark 


1.6 


1.0 


0.8 


0.7 


-56 


-3.2* 


-3.2* 


-3.2* 


-3.2* 


-3.2* 


2006 











Estonia 


2.4 


2.8 


2.4 


0.9 


-61 


-3.9* 


0.6 


0.6 


-12.7* 


0.6 


2001 


-14.3* 


2009 






Finland 


1.4 


0.9 


0.8 


0.4 


-69 


-4.4* 


-4.4* 


-4.4* 


-4.4* 


-4.4* 


2009 










France 


0.6 


0.5 


0.5 


0.5 


-19 


-1.5 


-3.6 


-0.6* 


-0.6* 


-13.4 


1982 


-0.6* 


2008 






Germany 


1.2'' 


1.1 


0.9 


0.8 


-30 


-1.5* 


-0.2 


-0.9* 


-3.3* 


-0.2 


1997 


-3.3* 


2009 






Greece 


1.1 


1.2 


1.6 


2.0 


88 


2.6* 


2.6* 


2.6* 


2.6* 


2.6* 


2009 










Hungary 


5.1 


5.8 


3.8 


2.7 


-47 


-2.3* 


1.7 


-3.2* 


-5.5* 


1.7 


1993 


-5.5* 


2009 






Ireland 


1.8 


1.1 


1.0 


0.9 


-53 


-2.8* 


-2.8* 


-2.8* 


-2.8* 


-2.8* 


2009 










Italy 


1.1 


0.9 


0.5 


0.4 


-60 


-3.7* 


-3.6* 


-4.1 


-2.4* 


-7.0* 


1984 


-0.7 


1997 


-14.9 


2000 


Latvia 


5.0 


5.8 


2.0 


1.9 


-62 


-3.0 


1.8 


-10.2 


-0.8 


1.8 


1995 


-29.4 


1998 


-0.8 


2009 


Lithuania 


2.8 


4.5 


1.7 


2.5 


-11 


0.5 


5.8* 


-7.7* 


6.1* 


5.8* 


1994 


-17.2* 


2000 


6.1* 


2009 


Luxembourg 


2.2 


1.2 


0.7 


0.7 


-69 






















Malta 


1.8 


1.2 


1.4 


0.3 


-81 






















Netherlands 


1.7 


1.3 


1.3 


0.9 


-48 


-3.1* 


-4.7* 


2.6 


-7.2* 


-4.7* 


1989 


2.6 


1999 


- 7.2* 


2009 


Poland 


2.2 


2.8 


1.2 


0.9 


-60 


-3.6* 


3.8* 


-6.6* 


-7.9* 


3.8* 


1991 


-7.9* 


2009 






Portugal 


1.6 


1.2 


1.0 


0.6 


-62 


-2.9* 


-2.9* 


-2.9* 


-2.9* 


-2.9* 


2009 










Romania 


2.9 


3.7 


3.5 


2.6 


-8 


-0.7 


1.0 


3.3* 


-5.7* 


1.0 


1990 


8.0* 


1996 


- 5.7* 


2009 


Slovakia 


1 8^^ 


2 2 


1 3 


1 3 


b 


— 3 9* 




— 3 9* 


— 3 9* 


— 3 9* 


2009 










Slovenia 




0.9 


0.6 


0.3 
























Spain 


1.0 


0.8 


0.7 


0.6 


-44 


-2.1* 


-2.1* 


-2.1* 


-2.1* 


-2.1* 


2009 










Sweden 


1.0 


1.0 


0.6 


0.6 


-46 


-2.9* 


-2.9* 


-2.9* 


-2.9* 


-2.9* 


2009 










UK 


2.1 


1.5 


1.2 


1.0 


-52 


-3.0* 


-4.4* 


-2.3* 


-2.3* 


-5.5* 


1986 


-2.3* 


2009 







-2.4* 2009 



Values are unadjusted averages of rates for each 5-year period, orfor as many years as datawere available within the period. Exceptions, v^^here data were not available for all years, are: Belgium (to 2006); Denmark (to 2006); France (to 2008); Italy (no 
data 2005); Lithuania (no data 1980, 1983, 1984); Portugal (no data 2004 to 2006); and Slovenia (no data before 1985). AAPCs and APCs cannot be calculated when there are 0 deaths In any group. 
^25-year total crude change calculated from difference between 1980—84 average rate and 2005-09 average rate. 

^Data for Germany prior to 1990 calculated from raw data for the Former East and West Germany. 1980-84 data for Czech Republic and Slovakia are combined data from Czechoslovakia, therefore, not directly comparable. 
'''Rate of change significantly different from 0 at P < 0.05. 
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Table 4 Summai-y of number of countries exhibiting evidence for recent plateauing in trends in coronary heart disease 
mortality 





All ages 


<45 years 


45-54 years 


55-64 years 


65 years 
and over 


Total 
countries" 


Men 














hvidence for recent plateau — final segment less steeply 
decreasing than previous segment 


5 


6 


6 


8 


4 


15 


No evidence of recent plateau — final segment more 
steeply decreasing than previous segment 


19 


10 


14 


15 


19 




No evidence of recent plateau — no joinpoints identified 
(consistent trend) 


2 


10 


6 


3 


3 




Women 














Evidence for recent plateau — ^final segment less steeply 
decreasing than previous segment 


2 


6 


3 


7 


4 


12 


No evidence of recent plateau — final segment more 
steeply decreasing than previous segment 


20 


8 


11 


13 


18 




No evidence of recent plateau — no joinpoints identified 
(consistent trend) 


4 


12 


12 


6 


3 





'^Total number of unique countries showing evidence of a recent plateau in at least one age group. 



is crucial that future research continues to monitor trends in CHD 
risk factors and mortality across the EU and to examine the relation- 
ships betv^een preventable risk factors and CHD among younger 
adults. Any indications of potential plateauing of CHD mortality 
trends among younger age groups — which v/ere evident in this 
study for some countries but not yet for the EU as a whole — 
would be an important advance warning of potentially very high 
future burden of CHD as the cohort ages. 

An important consideration in interpretingthe trends observed in 
this study is the limitation inherent in using mortality as the sole 
outcome. Given the very low rates of CHD mortality among 
younger age groups, it could be the case that mortality rates in this 
age group have been stable or decreasing despite an increase in inci- 
dence in CHD. Indeed, there is some evidence from France that 
younger female patients comprised an increasing proportion of hos- 
pital presentations for myocardial infarction between 1995 and 
2010.^^ If this is the case across Europe, these less favourable 
trends in incidence among younger populations may yet translate 
into increased CHD mortality rates in the future. Further research 
is needed to determine the underlying trends in incidence and 
case-fatality rates among varying age groups. In addition, further ex- 
ploration of trends in sudden death rates would provide important 
insights into the changing epidemiology of CHD in Europe. 

The method used to define 'recent plateau' in trends brings to- 
gether joinpoint analyses across a very large number of subgroups 
(260) and enables assessment at the EU level of whether there is 
an emerging overall pattern of plateauing trends in CHD mortality 
rates. This synthesis is, however, necessarily a simplification which 
provides an overview of the patterns across 26 countries, but may 
not give a holistic indication of a 'recent plateau' for a small number 
ofsubgroups or countries. This is especially the case where some seg- 
ments of trend are very brief in the joinpoint model that was fit to the 
data. As an example, women aged under 45 years in France were 



classified as having 'evidence of a recent plateau' as the most recent 
joinpoint segment has an APC of —0.6%, while the preceding 
segment had an APC of — 1 3.4%. The first segment, however, only 
spans the years 1980-1982, and after that period there has been a 
consistent annual percentage reduction in mortality rates. In addition, 
while these segments are significantly different in trend to each other, 
only the most recent segment is statistically significantly different 
from 0. An additional potential limitation of the joinpoint analysis ap- 
proach used in this study was the setting of a maximum limit of three 
joinpoints in the model. While a greater number of joinpoints may 
have created models with a closer fit to the observed data, the 
maximum three joinpoints were identified only in relatively few of 
the subgroups analysed, particularly for women and younger age 
groups. 

The mortality and population data compiled by the WHO offer an 
extremely valuable resource to enable large-scale analysis and inter- 
country comparisons such as those in this study. While the data are 
generally of high quality, and in the EU,generally have very high cover- 
age, there are limitations to using internationally aggregated vital sta- 
tistics, and direct comparisons between countries require some 
caution. There is variability between countries in both the coverage 
and the quality of the vital statistics databases collected and reported 
to the WHO. In addition, there is variability between countries in 
ICD coding practices. For instance in France, it has been documented 
that CHD deaths are under-reported compared with other coun- 
tries, and a high proportion of deaths are coded as 'other causes', 
meaning the true rates of CVD and CHD deaths are likely to be 
higher than recorded.'^^ Further limitations of the data include 
missing years for some countries, and the necessity for historical 
studies to take in periods of time spanning the use of several versions 
of the ICD. The effect of this last limitation, is however, minimized by 
the use of relatively broad disease categories, for which the implica- 
tions of coding changes are small. 
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Conclusion 

The last three decades have seen significant reductions in CHD mor- 
tality in all age groups and both sexes in most EU countries and to 
date, there is little evidence to suggest that these reductions are plat- 
eauingin younger age groups across the EU as a whole. However, in a 
small number of countries there was evidence of recent plateauing in 
some age groups. It remains vitally important for the whole EU to 
monitor and work towards reducing preventable risk factors for 
CHD and other chronic conditions to promote wellbeing and 
equity across the region. 

Supplementary material 

Supplementary material is available at European Heart journal online. 
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